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Abstract
We discuss the property of N = 1 massless supersymmetric quantum chromody-
namics in the intermediate scale applying Nambu-Jona-Lasinio method. We derive
a so-called mass-gap equation. This is a non-trivial equation for the order parame-
ter of supersymmetry breaking as well as an equation for the gaugino condensation.
But because of a suppression factor, it is shown that supersymmetry breaking and
gaugino condensation can be realized only in an extremely(unphysically) strong cou-
pling region. So we conclude that supersymmetry breaking or gaugino condensation
is unlikely to be analyzed by means of Nambu-Jona-Lasinio method. Similar argu-
ments can be applied to a supersymmetric Yang-Mills theory with a eld dependent
coupling constant (eective theory for superstring theory).
1 Introduction
The problem of dealing with the strong interaction at low and intermediate energies
is well known. In ordinary QCD, we can use perturbative QCD at short distances but
due to asymptotic freedom this can no longer be done at low energies. Many attempts
have been done to discuss the strong coupling eects, chiral condensate, and connement.
Nambu-Jona-Lasinio(NJL) method is one of them.
1
Naively, NJL method may not be applied to supersymmetric models because there is
a well-known non-renormalization theorem. In this paper we will consider intermediate
scale eective lagrangian of three colors(N
c
= 3) and single avor(N
f
= 1) SQCD [1]
and derive a mass-gap equation for f that is the order parameter for the supersymmetry
breaking and gaugino condensation. To derive this mass-gap equation, we used a tadpole
method[2]. The tadpole method is useful to discuss quantum eects for supersymmetry
breaking parameter because we can explicitly separate the vacuum expectation values of
elds and that we can deal with supersymmetry breaking parameter f explicitly.
This paper is organized as follows. In section 2 we review the tadpole method. In this
section, we will apply this to the simple Wess-Zumino model. Next we discuss SQCD and
derive a mass-gap equation. Concluding remarks and some comments are given in section
4.
2 Review of tadpole method and quantum eects in
Wess-Zumino model
The analysis of supersymmetry breaking in the Wess-Zumino model is as old as the
modern theory of supersymmetry[3]. Using a supereld method, Fujikawa and Lang[4]
constructed a one-loop eective potential for the Wess-Zumino model and discussed the
stability of the supersymmetric vacuum. Many authors, for example in[2], later discussed
this and related topics.
For the notational convention, we use the two-component representation. By explicitly
separating the vacuum expectation values of bosonic elds, we derive the one-loop eective
potential by means of the tadpole method[5] instead of the direct evaluation of it[4].
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Shifting the bose elds of the theory in the fashion
A ! A+ a
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 = m+ a: (2.4)
Before calculating the eective potential, we should derive the propagators of the theory.
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the propagators of the theory are obtained directly.
Now let us derive the eective potential by means of the tadpole method. According










In this expression 
0
means the vacuum expectation value(vev) of the eld  that can
be any scalar eld of the theory( in the present theory  means A or F , and 
0
means
a or f),  
0(1)
is the 1PI tadpole that is calculated after separating the vev and quantum
uctuation of the scalar elds as  !  + 
0
. So we use (2.3) to calculate  
0(1)
. Using
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(2.18)




, and  stands for the ultra-violet cut-o.
We also added the wave function renormalization factor Z(in the last term in (2.18))
to absorb the innity contained in log
2
. In order to avoid the infrared singularity, which
can appear if we set m = 0, we renormalize the wave function at
jf j = 0 and jj =M (2.19)
whereM has the dimensions of a mass. The wave-function renormalization factor is then
xed as







































































































= 0 ( This corresponds to the direction of the valley of the















































To take account of the two possible signs of the square-root, we extend the range of x to
 1 < x < +1. This potential develops an imaginary part for jxj > 1 and this means
that the solution
jf j 6= 0 and jj = 0 (2.24)
is dynamically unstable. We can nd the stationary value of this eective potential in the





































Taking the minimum of the potential (@V
eff



































































= 0; and f = 0: (2.28)
In both solutions, f is zero and supersymmetry is not broken. The second solution gives
non-zero vev of a but f still remains zero: Two solutions (2.28) are actually two stable
physically equivalent solutions, since one can pass from one to the other by a redenition






= 0 so the vev of a remains zero. Detailed study of this phenomenon
from another point of view is given in ref.[3].
Let us examine the physical meanings of this solution. We set m = 0 for simplicity
and convention for the arguments of the next section. At the tree level, the equation of







At the rst glance, this equation seems to suggest that if the tree level potential de-
velops a non-zero vacuum expectation value< A >, < F > becomes non-zero and the
supersymmetry of the theory can be broken spontaneously. Nevertheless, this does not




 < A >
2
and< A > is non-zero) becomes unstable and the supersymmetric
vacuum (< F >= 0) remains stable.









means the gaugino eld, not a coupling constant. The main issue of the next
section is to analyze the property of (2.30).
To analyze the behavior of the eective potential in (2.32) at small jj reliably, the
renormalization group improvement of the eective potential has also been discussed in
















































































































Note that the combination (M)jaj
3
is renormalization group invariant in this theory.
V
eff
in (2.33) has a minimum at jaj = 0 for which (jaj) ! 0 and the analysis of
V
eff
is reliable. For jaj ! 0, x ! 0 in (2.33) and thus jf j ! 0 and no supersymmetry
breaking.
This analysis relies on the fact that the coupling constant  is small. Renormaliza-
tion group also supports this assumption. Even in certain non-perturbative domain, the
analysis of Witten index suggests that this theory has a stable supersymmetric vacuum[6].
3 Supersymmetric QCD and Nambu-Jona-Lasinio
method
In this section we mainly follow the argument of ref.[1]. The crucial dierence from the
Wess-Zumino model is the asymptotic behavior of the coupling constant.
Our starting point is the lagrangian with gauge group SU(N) and with N
f
avors
of quarks. The N
f
quark avor corresponds to N
f
chiral elds of the N representation,
Q
ir
(i = 1; :::; N ; r = 1; :::; N
f
) and N representation, Q
ir
. These superelds can be written

































The gauge elds A
a

(a = 1; :::; N
2
  1) are included in vector multiplets V
a
accompanied
by their super-partners, gauginos 
a
and auxiliary elds D
a



























































symmetry is just like that of ordinary QCD, corresponding to sep-
arate rotation of the Q and Q elds. The symmetry U(1)
R
is a R-invariance, a symmetry
under which the components of a given supereld transform dierently. This corresponds
















































Just as in ordinary QCD, some of these symmetries are explicitly broken by anomalies.
A simple computation shows that the following symmetry, which is a combination of






















































































In some case this classical potential vanishes at many points in eld space and the
classical theory has several inequivalent vacua, which we call at directions or classical
moduli space. Because of the non-renormalization theorem, these degeneracy cannot be
removed perturbatively.
A necessary condition for the potential to vanish is that D
a
= 0 for all a(we set
P () = 0 in this model).  = 0 is a trivial solution, and other solutions can be found by
9





















are the real generator of GL(N), D
a














are the generator of SU(N) in the fundamental representation. Non-trivial solutions
of D
a






. For simplicity, we consider an SU(3) gauge theory
























is a 3  3 hermitian positive semidenite matrix of rank 1. Diagonalizing it we

































































>. To get more proper order parameter for the moduli space,












whose pseudoscalar component 
S




broken by nonzero value of v. We suppose v is very large, and consider the theory at
scales below v but much larger than the scale of low energy SU(2). In this intermediate
region we can write an eective lagrangian by integrating out the heavy elds. This
10
lagrangian consists of two parts, one is a low energy SU(2) SQCD part with a massless





















The other contains higher dimension operators. There is only one operator of dimension
5 which couples SU(2) SQCD part and S, invariant under all symmetries and permitted
















We now clarify the meaning of this operator. It includes the 
o





























































which is precisely cancel by the change in S through eq.(3.14). There would be many
operators of higher dimension but we neglect them here.
























and it induces a 4-fermi interaction.
11
Aeck et al[1] discussed that F
S
, the auxiliary component of S, can be nonzero through
gaugino condensation in low energy SU(2) theory. But the dynamical eects on decoupled
theory is not trivial (see ref.[9] for example), and here we use Nambu-Jona-Lasinio method
to estimate these eects by including the dimension 5 operator(3.14).












 ! + a
F ! F + f
 ! <  > +
(3.20)
















































This equation cannot be integrated with respect to f
S
because  is a function of f
S
(at




We can derive a mass-gap equation for f
S

















In ordinary theory of chiral condensation, this mass-gap equation has non-trivial solution
and fermion condensation is observed. But here  in (3.21) is suppressed by v
 1
and there
is no non trivial solution unless g grows extremely large : g > O(10
2
). So we conclude that
there is no chiral condensation observed in this model in terms of Nambu-Jona-Lasinio
method. Of course there is a possibility that another higher derivative terms become more
eective and above analysis would be changed.















<  > (3.24)
is also satised exactly.
12
What about instantons? To see in more detail about instantons, let us examine
whether we can use the constrained instanton method to the eective theory.
The starting point is the pure supersymmetric Yang-Mills theory with the gauge
group SU(2). In pure supersymmetric Yang-Mills theory we can use a simple instan-
ton method and gaugino condensation can be obtained naively[8]. Adding the dimension
5 operator(3.14) induces a mass term for the gauginos. Even with the mass term we can
apply the constrained instanton method. But what about including(3.15)? This term
increases in the core of instanton and that naive constrained instanton cannot exist[9].
So we must conclude that we should use another non-perturbative method (for example,
large N expansion) to analyze this model[10]. These statements can be applied to other
theories with at directions too.
4 Conclusion
We have applied Nambu-Jona-Lasinio method to N = 1 massless SQCD with SU(3) gauge
group and single avor. We obtained so-called mass-gap equation for f
S
, that is equally the
equation for <  >, but non zero solution is permitted only in a extremely( unphysically)
strong coupling region. We can apply the same method to a supersymmetric Yang-Mills
theory with a eld dependent coupling constant, an eective theory of the superstring.
Application of Nambu-Jona-Lasinio method to supergravity theory is already studied
in ref.[11] from another point of view. In ref.[11], the Weyl compensator is taken as
an order parameter of gaugino condensation. We can apply our simple method also to
supergravity theory, but this will be discussed elsewhere [12].
Acknowledgment




[2] R.Miller, Phys.Lett.124B(1983)59, Nucl.Phys.B241(1984)535
T.Matsuda, `Comment on a mechanism of dynamical breaking of supersymmetry',
UT-699
[3] J.Iliopoulos and B.Zumino, Nucl.Phys.B76(1974)310




[8] D.Amati, K.Konishi, Y.Meurice, G.C.Rossi, G.Veneziano, Phys.Rep.162(1988)169,
[9] T.Banks and A Dabholhar, Phys.Rev.D46(1992)4016
M.Rozali, `Non-perturbative decoupling of heavy fermions', UTTG-13-94
[10] E.Witten, Nucl.Phys.B149(1979)285
[11] A.De.La.Maccora and G.G.Ross, Nucl.Phys.B404(1993)321, Phys.Lett.B325(1994)85
[12] T.Matsuda in preparation
14
